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" Vitamins " 

 
Vitamins are organic nutrients (molecules), that are required in small 

quantities for a variety of biochemical functions,(the most prominent 

function is as cofactors for enzymatic reactions ), also they are essential for 

the normal processes of metabolism, including growth and maintenance of 

health. 

The distinguishing feature of the vitamins is that they generally cannot 

be synthesized by mammalian cells and, therefore, must be supplied in the 

diet, (except, the body is able to produce part or even all of its requirements 

for some of the vitamins, Example: Vitamin D from cholesterol and niacin 

from Tryptophan). 

   The vitamins are classified into two major groups: 

1- Water-soluble vitamins: ( thiamin (B1) , riboflavin (B2) , niacin(B3) , 

pantothenic acid (B5) , pyridoxal (pyridoxine, pyridoxamine (B6) , biotin , 

cobalamin (B12) , folic acid and ascorbic acid ).  

2- Fat-soluble vitamins: ( vitamin A , vitamin D , vitamin E ,vitamin K). 

-------------------------------------------------- 

1- Water-soluble vitamins: it’s a polar hydrophilic molecules and, there- 

fore, are soluble in water. 

Because of their water solubility, excesses of these vitamins are excre-

ted in urine and so rarely accumulate in toxic concentrations, for this 

reason their storage is limited. 

 

* Thiamin (B1) : 

Thiamin is also known as vitamin B1, is derived from a substituted 

pyrimidine and a thiazole which are coupled by a methylene bridge. 
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Thiamin is rapidly converted to its active form, thiamin pyrophosphate 

(TPP), in the brain and liver by specific enzyme, thiamin diphosphotrans- 

ferase. 

 

TPP is necessary as a cofactor for the pyruvate and α-ketoglutarate 

dehydrogenase catalyzed reactions like in pentose phosphate pathway, 

therefore, a deficiency in thiamin intake leads to a severely reduced 

capacity of cells to generate energy as a result of its role in these reactions. 

The dietary requirement for thiamin is proportional to the caloric 

intake of the diet and ranges from 1.0-1.5 mg/day for normal adults. If the 

carbohydrate content of the diet is excessive, then an excess thiamin intake 

will be required. 

The severe thiamin deficiency disease known as beriberi is the result 

of  a diet that is carbohydrate rich and thiamin deficient, in such individuals 

TPP dependent reactions are prevented, leading to accumulation of 

substrates like Pyruvate, Pentose sugars etc . 

Thiamin is present in almost all plant and animal tissues commonly 

used as foods like seeds, nuts, wheat, legumenious plants (rich source) & 

lean meat, but the content is usually small. 

 

 



 

- 3 - 

 

 خلف زيدان قدوري. م

 كلية – تكريت جامعة

 االسنان طب

* Riboflavin (B2) : 

 

Riboflavin is also known as vitamin B2, is the precursor for the 

coenzyme, flavin mononucleotide(FMN) and flavin adenine dinucleotide 

(FAD). The enzymes that require FMN or FAD as cofactors are termed 

flavoproteins.       

Several flavoproteins also contain metal ions and are termed metallo- 

flavoproteins. These both classes of cofactors are involved in many react- 

ions like succinate dehydrogenase and xanthine oxidase. 

During the course of enzymatic reactions involving the flavoproteins 

the reduced forms of FMN and FAD are formed, FMNH2 and FADH2, 

respectively. 

Riboflavin deficiencies are rare due to the presence of adequate 

amounts of the vitamin in eggs, milk, meat, and cereals. 

Reguirments about 1.5-2.5mg for adults, infants 0.6mg, children 1.0-

1.8mg.  

Deficiency: Lack of riboflavin in the diet causes a generally non fatal 

syndrome of inflammation of the corner of mouth (angular stomatitis), 

painful glossitis of tongue (Purple) and Scaly dermatitis. 
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Riboflavin decomposes when exposed to visible light, this characteri- 

stic can lead to riboflavin deficiencies in newborns treated for hyperbilirub- 

inemia by phototherapy. 

 

* Niacin (B3) : 

 

Niacin (nicotinic acid and nicotinamide) is also known as vitamin B3. 

Both nicotinic acid and nicotinamide can serve as dietary source of vit.B3. 

Niacin is required for the synthesis of the active forms of vit.B3, which 

are nicotinamide adenine dinucleotide (NAD
+
) and nicotinamide adenine 

dinucleotide phosphate (NADP
+
). Both NAD

+
 and NADP

+
 function as 

cofactors for numerous dehydrogenases, e.g.: lactate and malate 

dehydrogenases. 

Niacin is not a true vitamin, since it can be derived from the amino 

acid tryptophan. 

The ability to utilize tryptophan for niacin synthesis is inefficient, due 

to (60)mg of tryptophan are required to synthesize (1)mg of niacin, also, 

synthesis of niacin from tryptophan requires vitamins B1, B2, and B6 which 

may be limited in the diet. 

The daily requirement for niacin is 17-21mg for adults, infants 

6mg.The requirement increases with increased intake of calories, illness, 

severe injury ,infection ,burns, high corn (maize) diet, pregnancy and 

lactation. 
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Lack of niacin causes of the deficiency syndrome which called 

"pellagra" in peoples depend on corn as diet, a disease involving 

gastrointestinal tract (GIT) and central nervous system (CNS). 

The major action of nicotinic acid is reduction the fatty acid mobiliz- 

ation from adipose tissue, therefore, it used in treatment of hypercholester- 

olemia. 

 

* Pantothenic acid (B5) : 

 

Pantothenic acid is also known as vitamin B5. Its formed from β-

alanine and pantoic acid. Pantothenate is required for synthesis of 

coenzyme A (CoA) and is a component of the acyl carrier protein(ACP), 

which is (ACP) used in fatty acid synthesis. 

Pantothenate is, therefore, required for the metabolism of carbohydrate 

and all fats and proteins. At least (70) enzyme have been identified as 

requiring CoA or ACP derivatives for their function. 

Daily requirements about 4-7mg and deficiency is rare due to its 

widespread distribution in whole grain cereals, legumes and meat. 

The burning foot syndrome in prisoners which is associated with 

reduced capacity for acetylation is ascribed to pantothenic acid deficiency. 
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* Vitamin B6 : 

 

Pyridoxal, pyridoxine, and pyridoxamine are collectively known as 

vitamin B6. All three compounds are efficiently converted to the biologic- 

ally active form of vit.B6, pyridoxal phosphate, this conversion is catalyzed 

by the ATP requiring enzyme, pyridoxal kinase. 

 

Pyridoxal phosphate functions as a cofactor in enzymes involved in 

transamination reactions required for the synthesis and catabolism of the 

amino acids as well as in glycogenolysis as a cofactor for glycogen phos- 

phorylase. 

The requirement for vitamin B6 in the diet is proportional to the level 

of protein consumption ranging from 1.4-2.0 mg/day for a normal adult. 

During pregnancy and lactation the requirement for vit.B6 increases 

approximately 0.6 mg/day. 



 

- 7 - 

 

 خلف زيدان قدوري. م

 كلية – تكريت جامعة

 االسنان طب

Deficiencies of vit.B6 are rare and usually are related to an overall 

deficiency of all the B-complex vitamins and if happened may lead to 

hypochromic microcytic anemia since it is required for heme synthesis . 

 

* Biotin : 

 

It is the cofactor required for enzymes that are involved in 

carboxylation reactions (e.g.: acetyl-CoA carboxylase and pyruvate 

carboxylase). 

Biotin is found in numerous foods and also is synthesized by intestinal 

bacteria and as such deficiencies of the vitamin are rare. Deficiencies are 

generally seen after long antibiotic therapies which deplete the intestinal 

fauna, also deficiency may happen after excessive consumption of raw 

eggs, due to the egg white protein (avidin) prevent intestinal absorption of 

the biotin. 

Daily requirements about 100-200μg/day. Requirement increase in 

pregnancy and lactation. Patients on oral antibiotics for a long period of 

time require more of this vitamin. 
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* Cobalamin : 

 

It is more commonly known as vit.B12. It is composed of a complex 

tetrapyrol ring structure (corrin ring) and a cobalt ion in the center. 

Vit.B12 is found in the liver of animals bound to protein as methyl- 

cobalamin or 5-deoxyadenosylcobalamin. Its must be hydrolyzed from 

protein in order to be active. Hydrolysis occurs in the stomach by gastric 

acids or in the intestines by trypsin digestion following consumption of the 

animal meat.  

The vitamin then bound to intrinsic factor (protein) and absorbed in 

ileum and then bound in the blood to transcobalamin II and transported to 

the liver. 

There are two reactions in the body that require this vitamin as a 

cofactor : 

1- During the catabolism of fatty acids, and the amino acids valine, iso- 

leucine and threonine, the enzyme required is methylmalonyl-CoA mutase. 
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2- During the conversion of homocysteine to methionine and is cataly-

zed by methionine synthase. 

Deficiencies of vit.B12 is rare due to the liver can store up to six years 

worth of this vitamin, but if happened, deficiencies lead to pernicious 

anemia (due to impaired DNA synthesis) and also lead to neurological 

complications (due to progressive demyelination of nerve cells). 

Daily requirements about 3mg, and its synthesized in small quantities 

by microorganisms. 

 

* Folic acid : 

 

Folic acid is a conjugated molecule consisting of a pteridine ring 

structure linked to para-aminobenzoic acid (PABA). Folic acid is obtained 

primarily from yeasts and leafy vegetables as well as animal liver. 

The active form of folic acid is Tetra hydro folate (THF). Animals 

cannot synthesize PABA, thus, requiring folate intake in the diet. Folate 

deficiency is rare, but if happened, leads to impairment of  DNA synthesis 

and this lead to abnormally large erythrocytes (macrocytic anemia). 

Daily requirements about 100μg ( during Lactation & pregnancy are 

500 - 800μ g/day). 

Deficiency:  The causes of folate deficiency are inadequate intake, 

impaired absorption, increased demand during pregnancy, lactation and 

impaired Metabolism that leads to megaloblastic anemia. In this condition 

production of erythrocytes slows down, Macrocytic erythrocytes with 

fragile membrane are formed. 
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Inadequate folate levels during the early stages of pregnancy increases 

the risk of neural tube defects (a type of birth defect) and spontaneous 

abortions. 

 

* Ascorbic acid : 

 

Ascorbic acid is more commonly known as vitamin C. Ascorbic acid 

is derived from glucose via the uronic acid pathway. 

The enzyme glunolactone oxidase responsible for the conversion of 

glunolactone to ascorbic acid is absent in animals making ascorbic acid 

required in the diet. 

The active form of vitamin C is ascorbate itself. The main functions of 

ascorbate in:  Collagen biosynthesis, Degradation of Tyrosine, Absorption 

of Iron, Steroidogenesis, Adrenaline synthesis, Bile acid formation, 

Degradation of tyrosine, Bone mineral metabolism and as Potent anti 

oxidant.  

Deficiency of vit.C leads to the disease Scurvy due to the role of the 

vitamin in modification of collagen. 

WBC’s are rich in vit C and plays an important role in Immunity. 

Source: Citrus fruits, Potato, tomato & green vegetables, and the daily 

requirements about 60mg. 

------------------------------------------------------------------- 

Dr.Salim.J.Kh. 

                                                      /    /  
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* Fat-soluble vitamins : 

Ample reserves of fat soluble vitamins are stored in the tissues as they 

are not readily absorbed from the food. With the exception of Vit. K, they 

do not serve as coenzymes. Indeed Vit D act more like hormone. 

*Vitamin A: 

 

Vitamin A consists of three biologically active molecules, retinol, 

retinal and retinoic acid. Each of these compounds are derived from the 

plant precursor molecule, β-carotene. 

Ingested β-carotene is cleaved in the lumen of the intestine by β-

carotene dioxygenase to yield retinal. Retinal is reduced to retinol by 

retinaldehyde reductase. 

Functions: β-carotene has an antioxidant role and prevents the 

development of diseases in which the action of free radicals is implicated .  

It plays a protective role against Cancer and cardiovascular disease. 

As the normal proliferation of epithelial cell growth and differentiation 

depends on retinoids. 

Vitamin A is necessary for vision, and deficiency cause night 

blindness due to the visual pigment, rhodopsin is found in the rod-cells of 

the retina and is formed by the binding of 11-cis retinal to the apoprotein 

opsin. 

Source: A rich source is Liver, but leafy vegetables and some fruits 

provide the largest amount of β-carotene. Liver, egg yolk, butter and milk 

are good sources of β-carotene. 



 

- 12 - 

 

 خلف زيدان قدوري. م

 كلية – تكريت جامعة

 االسنان طب

Vitamin A is stored in the liver and deficiency of the vitamin occurs 

only after prolonged lack of dietary intake. The earliest symptoms of 

vitamin A deficiency are night blindness. Severe Vit A deficiency leads to 

progressive keratinization of the cornea and possibly permanent blindness. 

The deficeiency causes dryness and roughness of skin developing 

keratosis of hair folliciles. Bone growth is markedly impaired. 

Excessive intake of vitamin A (hypervitaminosis), in humans cause 

head ache, nausea, vomiting and dizziness.This might be related to 

increased spinal fluid pressure.  

 

* Vitamin D : 

                                    

Vitamin D is the only vitamin that is usually not required in the diet, 

for this reason it is rather classified as a hormone since under conditions of 

inadequate exposure to sunlight that dietary intake is required. 

Vitamin D is a steroid hormone that functions to regulate specific gene 

expression following interaction with its intracellular receptor. 

The biologically active form of the hormone is 1,25-dihydroxy 

vitamin D3 (1,25-(OH)2 D3 ), also termed calcitriol.  

Active calcitriol is derived from ergosterol (produced in plants) and 

from 7-dehydrocholesterol (produced in skin). 
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Function: Calcitriol functions in concert with parathyroid hormone(PTH) 

and calcitonin to regulate serum calcium and phosphorous levels. 

- Intestine: This vitamin promotes absorption of calcium, phosphates. 

- Kidney: Reabsorption of calcium, phosphate are enhanced. 

- Bone: It promotes synthesis of osteocalcin which is needed for bone 

mineralization. It also promotes bone collagen synthesis. 

Sources: Fish oils, egg yolk are naturally rich sources of Vit D. 

Deficiency: usually deficiency of Vit D are due to insufficient exposure to 

sunlight, inadequate dietary intake, gastrointestinal disorder, obstructive 

jaundice and Partial gastrectomy. 

The main symptom of vitamin D deficiency in children is rickets and 

in adults is osteomalacia. 

Vit D toxicity : 

Excess Vit. D level enhances calcium absorption leading to 

hypercalcemia and metastatic calcium deposits. There is a tendency to 

develop kidney stones from the hypercalciuria, secondary to 

hypercalcemia.   

 

* Vitamin E : 

 

Vitamin E is a mixture of several related compounds known as 

tocopherols. The α-tocopherol molecule is the most potent of the 

tocopherols.  

The major function of vitamin E is to act as a natural antioxidant, 

therefore, its important for preventing peroxidation of polyunsaturated 
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membrane fatty acids, this protective phenomenon is very much evident in 

the prevention of hemolysis of RBCs by H2O2. 

Source: The reachest source is vegetable oils and nuts. 

The major symptom of vitamin E deficiency in humans is an increase 

in red blood cell fragility. Neurological disorders have been associated with 

vitamin E deficiencies. 

 

* Vitamin K : 

 

The K vitamins exist naturally as K1(phylloquinone) in green 

vegetables and K2(menaquinone) produced by intestinal bacteria and K3 is 

synthetic menadione. 

The major function of the K vitamin is in the maintenance of normal 

levels of the blood clotting proteins. 

Deficiency of the vitamin in adults is rare, but the long time antibiotic 

treatment can lead to deficiency in adults. The intestine of newborn infants 

don't contain bacteria, therefore , deficiency is possible if lacking from the 

early diet. The primary symptom of a deficiency in infants is a hemorrhagic 

syndrome. 

 

 

Dr.Salim.J.Kh. 

                                                       /    / 

 


